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(57) ABSTRACT 

A control apparatus controls the generation of a vehicle 
electric generator having an armature winding, excitation 
winding and recti?er connected to the armature winding. 
The apparatus includes a ?ywheel diode connected to the 
excitation winding in parallel, a switch element connected to 
the excitation winding, a control signal setting circuit, and a 
signal output section. The setting circuit controls a duty ratio 
of the switch element in correspondence to a ?rst generation 
status of the generator to control electric current ?owing 
through the excitation winding while varying a switching 
frequency of the generator depending on a second genera 
tion status of the generator. The signal output section is 
connected to a junction point between the excitation winding 
and the switch element and outputs a signal, involving a duty 
ratio associated with the ?rst generation status and a switch 
ing frequency associated with the second generation status, 
to an external device. 
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VEHICULAR ELECTRIC GENERATION 
CONTROL APPARATUS AND RELATED 
METHOD OF DETECTING ELECTRIC 

GENERATION STATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is based on and claims the bene?t of 
priority from earlier Japanese Patent Application No. 2005 
037429 ?led on Feb. 15, 2005, the description of Which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Technical Field of the invention 
The present invention relates to a vehicular electric gen 

eration control apparatus, Which controls an electric genera 
tion status of a vehicle electric generator installed on a 
passenger car or truck, and a related method for detecting an 
electric generation status. 

2. Related Art 
Electric generation torque of a vehicle electric generator, 

driven by an engine, increases With an increase in electric 
poWer supplied to a battery and electrical loads installed on 
a vehicle, resulting in an increase in load of the engine. To 
address such an issue, an attempt has heretofore been made 
in the related art to use an AC generator control apparatus 
operative to control opening and closing states of a throttle 
valve depending on an electric generation-rate of the vehicle 
electric generator for thereby stabiliZing an idling speed of 
the engine as disclosed in, for instance, Utility Model 
Laid-Open Publication No. 60-181200. 

With such an AC generator control apparatus, a pulse 
signal, occurring at a junction point betWeen a ?eld coil of 
the vehicle electric generator and the electric generation 
control apparatus (in particular, a sWitch section for con 
trolling a ?eld current), is outputted from a signal output 
terminal (terminal F). An external engine controller detects 
a duty ratio of this pulse signal, enabling the electric 
generation-rate of the electric generator to be obtained. 

Further, With such a control apparatus, a current limiting 
element is connected betWeen the ?eld coil and the terminal 
F. This precludes uncontrollable electric current from How 
ing to the ?eld coil in the occurrence of a short-circuiting 
failure betWeen a signal line, starting from the terminal F to 
the external engine controller, and ground to avoid an 
abnormal increase in an electrical generation voltage. Also, 
this prevents Wasteful electric poWer consumption caused by 
current ?oWing from the battery to the ?eld coil during a halt 
of the battery, thereby preventing the battery from over 
discharging. 

Further, a vehicular electric generation control apparatus 
has heretofore been knoWn including a circuit for controlling 
a charge alarm lamp and an alarm signal output terminal 
(terminal L). The vehicular electric generation control appa 
ratus, installed in an engine room, is connected to the charge 
alarm lamp, mounted on an instrument panel at a position 
near a driver’s seat, using an elongated Wiring, directly 
driving the charge alarm lamp. Since such an elongated 
Wiring is used, consideration should be undertaken for a 
voltage drop and current capacity of such a Wiring in order 
to ensure a brightness of the charge alarm lamp When turned 
on. Therefore, the Wiring cannot be formed to be thin and 
light in Weight. 

To address such an issue, a proposal has been made to 
provide a vehicular electric generation control apparatus 
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2 
Wherein the instrument is formed With a circuit for driving 
a charge alarm lamp to alloW an electric generator side to 
transmit a signal for controlling the charge alarm lamp for 
thereby forming the Wiring, extending from the electric 
generator to the instrument panel, in a thin con?guration as 
disclosed in, for instance Japanese Patent Laid-Open Pub 
lication No. 10-51976. 

Further, carrying out the tWo related art manufacturing 
methods intact results in a vehicular electric generation 
control apparatus arranged to perform separate controls for 
a ?eld coil and alarm lamp. Therefore, there is a need for 
driver circuits and signal output terminals in dual systems 
and signals lines in dual systems. To overcome such an 
issue, a proposal has been made in the related art to provide 
a vehicular electric generation control apparatus Wherein a 
plurality of electric generation-status signals are loaded into 
an external device to incorporate a signal line in a single 
system as disclosed in, for instance, Japanese Patent Laid 
Open Publication No. 2003-79196. 

With such a vehicular electric generation control appara 
tus, information related to an electric generation status (a 
conducting status of a ?eld Winding) and information related 
to an abnormal status related to an electric generator are 
transmitted via a signal line. In particular, during normal 
operation, a duty ratio of an electric generation signal is set 
to be greater than a value of 10%, providing an external 
device With noti?cation of the presence of normal operation. 
Also, during abnormal operation, a signal masking circuit is 
arranged to set the duty ratio of the electric generation signal 
to a value less than 10%, providing the external device With 
noti?cation of the presence of abnormal operation. 

However, although the related art disclosed in Japanese 
Patent Laid-Open Publication No. 2003-79196 can be 
formed in a simpli?ed signal line, a need arises for addi 
tionally providing a signal output driver incorporating a 
special signal masking circuit. Therefore, the vehicular 
electric generation control apparatus becomes complicated 
in structure With the resultant increase in a siZe of an IC to 
Which circuits are incorporated, causing an issue With an 
increase in costs. 

Further, With such a related art, the signal masking circuit 
tends to determine a signal for transmission regardless of a 
turned-off status of a transistor by Which electric current 
?oWing through a ?eld Winding is controlled. Therefore, 
although this enables the external device to obtain an 
abnormal status of the electric generator, causing the occur 
rence of issues With a loss of information With the resultant 
lapse in communication. 

SUMMARY OF THE INVENTION 

The present invention has been completed With the above 
vieW in mind and has an object to provide a vehicular 
electric generation control apparatus that can simplify a 
signal line With the resultant reduction in costs and prevent 
a loss and lapse of information in communication. 

To solve the above issues, one aspect of the present 
invention provides a vehicular generation control apparatus, 
operative to control an electric generation status of a vehicle 
electric generator having an armature Winding, an excitation 
Winding and a recti?er connected to the armature Winding, 
Which comprises a ?yWheel diode connected to the excita 
tion Winding in parallel thereto, sWitch means connected to 
the excitation Winding to be turned on and off in response to 
a control signal being inputted, control signal setting means 
operative to control a duty ratio of the sWitch means depend 
ing on a ?rst electric generation status of the vehicle electric 
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generator for controlling an electric current ?owing through 
the excitation Winding While setting the control signal, to be 
applied to the sWitch element, so as to vary a sWitching 
frequency of the sWitch means depending on a second 
electric generation status, and signal outputting means con 
nected to a junction point betWeen the excitation Winding 
and the sWitch means and operative to output a signal, 
involving a component of the duty ratio associated With the 
?rst electric generation status and a component of the 
sWitching frequency associated With the second electric 
generation status, to an external device through a signal line. 

With such a con?guration, using the duty ratio and 
sWitching frequency of the sWitch means, by Which an 
electric current ?oWing through the excitation Winding is 
controlled, alloWs the signal to be generated involving the 
duty ratio component associated With the ?rst electric gen 
eration status and the frequency component associated With 
the second electric generation status. Therefore, a single 
output driver can be used to output a plurality of electric 
generation statuses, causing simpli?cation of a signal line 
With a reduction in costs While enabling the elimination of 
a loss and lapse of information in communication. 

Further, the control signal setting means may preferably 
comprise ?rst comparator means for making comparison 
betWeen an output voltage of the vehicle electric generator 
and a ?rst predetermined reference voltage, ?rst smoothing 
means for smoothing an output of the ?rst comparator means 
With a ?rst time constant, second comparator means for 
making comparison betWeen a smoothed voltage outputted 
from the ?rst smoothing means and a ramp-Wave voltage, by 
Which the sWitching frequency is determined and regulated 
voltage control means for determining the duty ratio depend 
ing on a comparison result of the second comparator means. 
This makes it able for the duty ratio component to be 
generated in correspondence to the conducting status of the 
excitation Winding depending on the output voltage of the 
vehicle electric generator, enabling electric generation-rate 
information to be outputted as the ?rst electric generation 
status. 

Also, the control signal setting means may further pref 
erably comprise modulation means that varies a frequency 
of the ramp-Wave voltage. This makes it able for the 
modulation means to alter the sWitching frequency Without 
adversely affecting the duty ratio of the sWitch means. That 
is, no adverse affect is caused in electric generation-rate 
information, outputted from the signal output terminal With 
no in?uence on the output of the vehicle electric generator. 

Moreover, the modulation means may preferably deter 
mine the frequency of the ramp-Wave voltage depending on 
a signal, occurring on the armature Winding, Which is 
associated With a rotational speed of the vehicle electric 
generator. This makes it able for both of electric generation 
rate information of the vehicle electric generator and the 
sWitching frequency component, associated With the rota 
tional speed of the vehicle electric generator to be generated, 
enabling rotational speed information of the vehicle electric 
generator to be outputted as the second electric generation 
status. 

In addition, the modulation means may preferably com 
prise second smoothing means for smoothing a voltage, 
generated by the armature Winding, With a second time 
constant, and sWitchover means operative to sWitch over the 
frequency of the ramp-Wave voltage When a smoothed 
voltage, outputted from the second smoothing means, 
exceeds a given value. This makes it able for the modulation 
means to concurrently output electric generation-rate infor 
mation of the vehicle electric generator and, in addition 
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4 
thereto, alarm information accompanied by a start of the 
vehicle electric generator to generate electric poWer in the 
second electric generation status under a condition Where the 
sWitching frequencies are sWitched over depending on 
Whether or not electric poWer generation is normally started. 

Moreover, the modulation means may preferably com 
prise third comparator means operative to make comparison 
betWeen an output voltage of the vehicle electric generator 
and a predetermined voltage previously set to be loWer than 
a battery open voltage for altering the frequency of the 
ramp-Wave voltage depending on a comparison result of the 
third comparator means. This makes it able for the modu 
lation means to concurrently output electric generation-rate 
information of the vehicle electric generator and, in addition 
thereto, alarm information accompanied by a start of the 
vehicle electric generator to generate electric poWer in the 
second electric generation status under a condition Where the 
sWitching frequencies are sWitched over When a voltage 
drop occurs in the vehicle electric generator. 

Further, the modulation means may preferably comprise 
overheat protector means operative to set the ?rst reference 
voltage, to be used in the ?rst comparator means, to a second 
reference voltage loWer than the battery open voltage When 
a temperature exceeds a given value While altering the 
frequency of the ramp-Wave voltage. This makes it able for 
the reference voltage to be set to a value less than the battery 
open voltage When the temperature of the vehicle electric 
generator exceeds the given value. Thus, the duty ratio of the 
sWitch means is minimiZed to restrict electric generation 
current to eliminate development of heat, thereby protecting 
the vehicle electric generator from overheating. Also, elec 
tric generation-rate information occurring in this phase can 
be outputted as the ?rst electric generation status and, 
additionally, the sWitching frequency is sWitched over to 
simultaneously output alarm information, accompanied by 
abnormal overheating of the vehicle electric generator, as 
the second electric generation status, 

Furthermore, the signal output means may preferably 
comprise current limiting means that limits an electric 
current betWeen the junction point and the signal line. This 
makes it possible to limit electric current ?oWing from the 
junction point betWeen the excitation Winding and the sWitch 
means to the signal line or to limit electric current ?oWing 
from the signal line to the relevant junction point. Therefore, 
When failures take place in short-circuiting to ground of the 
signal line or erroneous connection is established to the 
battery potential, it becomes possible to avoid any defect 
such as abnormal rise in generated voltage during rotation of 
the engine, overcharging of the battery during a halt of the 
engine and damages of the sWitch means and current lim 
iting element (diode) caused by short-circuited current from 
the battery. 

Moreover, another aspect of the present invention pro 
vides a method of detecting an electric generation status of 
an electric generation system Which comprises a vehicle 
electric generator driven by an engine and having an arma 
ture Winding, an excitation Winding and a recti?er connected 
to the armature Winding, a vehicular electric generation 
control apparatus including a ?yWheel diode connected to 
the excitation Winding in parallel thereto, sWitch means 
connected to the excitation Winding, and signal output 
means connected to a junction point betWeen the excitation 
Winding and the sWitch means and operative to output a 
signal associated With an electric generation status of the 
vehicle electric generator, and an external device including 
signal input means operative to receive a signal outputted 
from the signal output means, Wherein the method com 
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prises the steps of causing the signal output means to output 
a modulation signal that is modulated using a duty ratio and 
a sWitching frequency of the sWitch means, causing the 
external device to detect a ?rst electric generation status 
based on a duty ratio component of the modulation signal, 
and causing the external device to detect a second electric 
generation status based on a frequency component of the 
modulation signal. 

This alloWs the vehicular electric generation control appa 
ratus to control the duty ration of the sWitch means, by Which 
excitation current is controlled, and transmit the signal 
(modulation signal) resulting from modulating the sWitching 
frequency While enabling the external device to perform 
parallel signal processing through Which the modulation 
signal is divided into respective components. Thus, it 
becomes possible to concurrently detect the plurality of 
independent electric generation statuses through the use of 
the signal line in a single path connected betWeen Which the 
vehicular electric generation control apparatus and the exter 
nal device. 

Also, the step of detecting the second electric generation 
status may preferably include the steps of detecting the 
frequency component of the modulation signal, comparing 
the frequency component of the detected modulation signal 
to a given frequency, and detecting the second electric 
generation status based on a comparison result. This makes 
it able for the input frequency to be discriminated depending 
on the threshold value of the given frequency to provide an 
ease of demodulating the modulation signals allocated to the 
different frequencies, enabling the detection of the second 
electric generation status. 

Besides, the step of detecting the frequency component of 
the modulation signal may be preferably executed by count 
ing the number of pulses of the modulation signal Within a 
given time interval. This alloWs the input frequency to be 
measured using the number of pulses counted for the given 
time interval. Thus, the magnitude of the frequency can be 
discriminated on a simple program using the counter, 
enabling the detection of the second electric generation 
status. 

Additionally, the method of detecting the electric genera 
tion status may further comprise the step of causing the 
external device to output a signal for turning on a charge 
alarm lamp When a frequency of the modulation signal is 
less than a given frequency and output a signal for turning 
off the charge alarm lamp When the frequency of the 
modulation signal exceeds the given frequency. This enables 
control to be performed for turning on or turning off the 
charge alarm lamp depending on Whether or not the fre 
quency of the modulation signal is higher or less than the 
given frequency. This enables the external device to control 
the charge alarm lamp With a large current capacity using a 
small signal delivered from the vehicular electric generation 
control apparatus. 

Besides, the method of detecting the electric generation 
status may further comprise the step of causing the external 
device to output a signal, associated With an electric gen 
eration-rate of the vehicle electric generator, to an engine 
controller. Further, this enables the engine speed to be 
controlled depending on a value of the duty ratio of the 
modulation signal that is associated With the electric gen 
eration-rate of the vehicular electric generation control appa 
ratus, enabling the idling speed of the engine to be stabiliZed. 

Further, the method of detecting the electric generation 
status may further comprise the step of causing the external 
device to output signals, associated With an electric genera 
tion-rate of the vehicle electric generator corresponding to 
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6 
the ?rst electric generation status and the rotational speed of 
vehicle electric generator corresponding to the second elec 
tric generation status, to at least one of an electrical load 
controller, by Which electrical load is controlled depending 
on a supply current of the vehicle electric generator, and an 
engine controller that controls an engine speed depending on 
an electric generation torque of the vehicle electric genera 
tor. 

This further makes it able to concurrently obtain charac 
teristics Wherein the duty ratio component of the modulation 
signal is associated With the electric generation-rate of the 
vehicle electric generator and the frequency component is 
associated With the rotational speed of the vehicle electric 
generator. Thus, the supply current and electric generation 
torque of the vehicle electric generator can be detected in 
high precision and the electrical load controller can appro 
priately control electric poWer consumption, caused by 
charging the battery and electrical loads, While grasping the 
electric poWer supply capacity of the vehicle electric gen 
erator. Also, the engine controller makes it able for the 
engine speed to be stabiliZed in high precision for the 
electric generation torque. 

Moreover, the method of detecting the electric generation 
status may further comprise the step of causing the signal 
input means to apply a bias voltage to the junction point 
betWeen the sWitch means and the excitation Winding While 
biasing a signal input terminal to a given voltage in the 
absence of the modulation signal. This enables the sWitch 
means to input the modulation signal in an increased match 
ing. Also, if disconnection occurs in the signal line, the 
signal input terminal is biased at the given voltage, provid 
ing an ease of judgment, as to Whether the modulation signal 
is absent, and turning on the charge alarm lamp While 
controlling the external device, such as operation to carry 
out engine control under a defaulted condition, in response 
to disconnection of the signal line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIG. 1 is a vieW shoWing an overall structure of an electric 

generation system of a ?rst embodiment according to the 
present invention that includes a vehicle electric generator 
and an external device; 

FIG. 2 is a vieW shoWing a detailed structure of a control 
signal setting circuit incorporated in an electric generation 
control apparatus of the vehicle electric generator shoWn in 
FIG. 1; 

FIG. 3 is a vieW shoWing a signal Waveform to be inputted 
to and outputted from various parts of the electric generation 
control apparatus of the vehicle electric generator shoWn in 
FIG. 1; 

FIG. 4 is a vieW shoWing a signal Waveform to be inputted 
to and outputted from various parts of the electric generation 
control apparatus of the vehicle electric generator shoWn in 
FIG. 1; 

FIG. 5 is a ?owchart shoWing a detailed sequence of 
operations to be executed by a frequency discriminator 
circuit incorporated in the external device shoWn in FIG. 1; 

FIG. 6 is a vieW shoWing a structure of an electric poWer 
detection circuit of the electric generation system of a 
second embodiment according to the present invention; and 

FIG. 7 is a vieW shoWing a structure of an external device 
of the electric generation system of the second embodiment 
according to the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

NoW, vehicular electric generation control apparatuses of 
various embodiments according to the present invention and 
related methods of detecting an electric generation status are 
described beloW in detail With reference to the accompany 
ing draWings. 

First Embodiment 

FIG. 1 is a vieW illustrating an overall structure of an 
electric generation system incorporating a vehicle electric 
generator and an associated external device of a ?rst 
embodiment according to the present invention. As shoWn in 
FIG. 1, the vehicle electric generator 1 of the ?rst embodi 
ment is comprised of an excitation Winding 11, an armature 
Winding 12, a recti?er 13 and an electric generation control 
apparatus 2. 

The excitation Winding 11 is Wound on ?eld poles (not 
shoWn) to form a rotor by Which a magnetic ?eld is 
generated When energiZed. The armature Winding 12 is 
composed of multi-phase Windings (such as, for instance, 
three-phase Windings) that are Wound on armature cores to 
form an armature. The armature Winding 12 generates an 
electromotive force due to ?uctuation in magnetic ?eld 
generated by the excitation Winding 11. The armature Wind 
ing 12 generates an alternating current output that is sup 
plied to the recti?er 13. 

The recti?er 13 performs full-Wave recti?cation of the 
alternating current output delivered from the armature Wind 
ing 12. A DC output derived from the recti?er 13 is extracted 
to the outside as an output of the vehicle electric generator 
1 for supply to a battery 3 and electrical loads (not shoWn). 
The output of the vehicle electric generator 1 varies depend 
ing on a rotational speed of the rotor and the magnitude of 
excitation current, ?oWing through the excitation Winding 
11, Which is controlled by the electric generation control 
apparatus 2. 

The electric generation control apparatus 2 is comprised 
of a control signal setting circuit 21, a sWitching element 22, 
a ?yWheel diode 23 and a signal output section 24. 

The control signal setting circuit 21 has a terminal B, to 
Which the output voltage of the vehicle electric generator 1 
is applied, and a terminal P supplied With a phase voltage of 
the armature Winding 12, generating a control signal for 
controlling tum-on or turn-off operations of the sWitch 
element 22. 

The sWitch element 22 is composed of a poWer transistor 
having a base connected to an output terminal of the control 
signal setting circuit 21, a collector connected to the output 
terminal of the vehicular poWer generator 1 via the ?yWheel 
diode 23 and an emitter connected to ground. Further, the 
collector of the sWitch element 22 is connected to the 
excitation Winding 11. When the sWitch element 22 is turned 
on, an electric current ?oWs through the excitation Winding 
11, While, When turned o?‘, the excitation Winding 11 is 
de-energiZed. 

The ?yWheel diode 23 is connected to the excitation 
Winding 11 in parallel thereto to alloW the electric current, 
?oWing through the excitation Winding 11, to be circulated 
When the sWitch element 22 is turned o?‘. 

The signal output section 24 has one terminal, connected 
to a junction point betWeen the excitation Winding 11 and the 
sWitch element 22, and the other terminal connected to a 
signal output terminal (terminal FL). The signal output 
section 24 includes a diode 241 and a resistor 242 that are 
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connected in series. The diode 241 has a cathode connected 
to the junction point betWeen the excitation Winding 11 and 
the sWitch element 22. Further, the resistor 242 has one 
terminal connected to the Terminal FL. The Terminal FL is 
connected through a signal line 4 to an external device 5. 
The external device 5 is comprised of a signal input 

section 51, a frequency discriminator circuit 52 and a duty 
ratio detection circuit 53. 

The signal input section 51, operative to perform pulse 
Wave condition of a signal being received, includes a resistor 
511 and a buffer circuit 512. The resistor 511 has one 
terminal, to Which a bias voltage Vccl is applied in order to 
receive the signal from the signal output section 24 of the 
vehicle electric generator 1 in increased matching, and the 
other end connected to a signal input terminal (terminal IN) 
to Which an input terminal of the buffer circuit 512 is 
connected. The buffer circuit 512 has an output terminal 
connected to a frequency discriminator circuit 52 and a duty 
ratio detection circuit 53. 

The frequency discriminator circuit 52 executes signal 
processing to acquire a frequency f of an input signal, 
resulting upon pulse Wave condition executed by the signal 
input section 51, upon Which the frequency f is compared to 
a given frequency f A. Then, if f<fA, an output signal With a 
high level is generated and if f>fA, an output signal With a 
loW level is generated, With both output signals being 
transmitted to a charge alarm lamp controller (not shoWn) 
that controllably turns on or turns off a charge alarm lamp. 
The duty ratio detection circuit 53 is operative to execute 

signal processing to obtain a duty ratio of the input signal 
resulting upon pulse Wave condition executed by the signal 
input section 51 and includes a buffer circuit 531, 534, a 
resistor 532 and a capacitor 533. 

With such a structure, the duty ratio detection circuit 53 
receives an input signal through the buffer circuit 531 
Whereby the input signal is integrated using the resistor 532 
and the capacitor 533 providing a longer time constant than 
that of a pulse of the input signal, While permitting a terminal 
voltage of the capacitor 533 to be outputted via the buffer 
circuit 534. This alloWs a duty ratio of the input signal to be 
converted to a voltage signal in conformity to an electric 
generation-rate of the vehicle electric generator 1. The 
voltage signal is delivered to an engine speed controller (not 
shoWn) to be utiliZed for performing controls such as 
operation to stabiliZe an idling speed. 

Next, detailed description is made of the control signal 
setting circuit 21 of the electric generation control apparatus 
2. 

FIG. 2 is a vieW shoWing a detailed structure of the control 
signal setting circuit 21. As shoWn in FIG. 2, the control 
signal setting circuit 21 is comprised of a regulated voltage 
control circuit 100, an electric generation detection circuit 
200, an instantaneous lighting protection circuit 300 and a 
protection and alarm circuit 400. 

The regulated voltage control circuit 100 regulates the 
output voltage of the vehicle electric generator 1. With an 
exemplary structure shoWn in FIG. 2, the regulated voltage 
control circuit 100 is comprised of resistors 101, 102, 104, 
voltage comparators 103, 107, a capacitor 105 and a ramp 
voltage generation circuit 106. 
The voltage comparator 103 has a input terminal to 

Which a reference voltage V1, correlated With a regulated 
voltage (for instance of 14.5V), is applied. In order to detect 
the output voltage of the vehicle electric generator 1, the 
output voltage is divided by the resistors 101, 102 to provide 
an input voltage V2, Which is applied to a “+” input terminal 
of the voltage comparator 103. Further, an output terminal of 
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the voltage comparator 103 is connected to an integrator 
circuit composed of the resistor 104 and the capacitor 105. 
The capacitor 105 has one terminal at Which a voltage V3 is 
generated. 

The voltage comparator 107 has a “+” input terminal, to 
Which an output voltage V4 of the ramp voltage generation 
circuit 106 is applied, and a “—” input terminal to Which the 
output voltage V3 of the integrator circuit is applied. More 
over, an output terminal of the voltage comparator 107 is 
connected to a sWitch element 22. 

The electric generation detection circuit 200 serves to 
detect a phase as to Whether or not the rotor is rotatably 
driven With the engine to begin operation to generate electric 
poWer. In the example shoWn in FIG. 2, the electric gen 
eration detection circuit 200 is comprised of resistors 201, 
202, 205, 206, a diode 203, a capacitor 204, a transistor 207 
and a modulation circuit 208. 

In order to detect phase voltage, occurring on the armature 
Winding 12, a voltage V5, resulting from division by the 
resistors 201, 202, is applied to an anode of the diode 203. 

The capacitor 204 is connected to a cathode of the diode 
203 to hold a peak voltage V6 of the phase voltage With a 
rectangular shape. Also, a voltage V7, appearing upon 
division by the resistors 205, 206, is applied to a base of the 
transistor 207 for detecting the peak voltage. 

In addition, the resistors 205, 206 and a PN junction 
betWeen a base and emitter of the transistor 207 serve to 
progressively discharge the peak voltage V6 from the 
capacitor 204. The transistor 207 has the collector, con 
nected to the modulation circuit 208, and the emitter con 
nected to ground. An output terminal of the modulation 
circuit 208 is connected to the ramp voltage generation 
circuit 106. 

The instantaneous lighting protection circuit 300 serves to 
prevent erroneous operation (of outputting a signal to turn 
on a charge alarm lamp) of the electric generation detection 
circuit 200 in the occurrence of a drop in a voltage appearing 
at the terminal P When electrical load is interrupted during 
rotation of the engine. In the example shoWn in FIG. 2, the 
instantaneous lighting protection circuit 300 is comprised of 
a bulfer circuit 301, transistors 302, 304, 305, and a resistor 
303. 

The bulfer circuit 301 is applied With an output of the 
voltage comparator 103 of the regulated voltage control 
circuit 100. The bulfer circuit 301 provides an output that is 
inputted to a base of the transistor 302. The transistor 302 
has a collector, connected via a resistor 303 to transistors 
304, 305, and an emitter connected to ground. The emitter of 
the transistor 302 is connected to ground. 

The transistors 304, 305 form a current mirror circuit, in 
Which a base and emitter of the transistor 304 is short 
circuited, and operate to alloW a collector of the transistor 
305 to supply an electric current associated With an electric 
current discharged from the transistor 304 to be determined 
by the resistor 303. The collector of the transistor 305 is 
connected to the capacitor 204 of the electric generation 
detection circuit 200. Emitters of the transistors 304, 305 are 
applied With a bias voltage V662. 

The protection and alarm circuit 400 has a loW voltage 
alarm function, by Which a drop in output voltage of the 
vehicle electric generator 1 is detected for outputting a 
signal to turn on a charge alarm lamp, and an overheat 
protecting function by Which electric poWer generation is 
interrupted When abnormal overheat develops in the vehicle 
electric generator 1 and the poWer generation control circuit 
2 upon Which a signal is outputted for turning on the charge 
alarm lamp. 
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In the example shoWn in FIG. 2, the protection and alarm 

circuit 400 is comprised of a voltage comparator 401, 
transistors 402, 404, and an overheat protection circuit 403. 
The protection and alarm circuit 400 includes a loW voltage 
alarm functioning section, associated With the voltage com 
parator 401 and the transistor 402, and an overheat alarm 
functioning section associated With the overheat protection 
circuit 403 and the transistor 404. 
The voltage comparator 401 has a “+” input terminal, to 

Which a reference voltage V8, representing a loW voltage 
alarm level (a voltage, appearing at the terminal B, Which 
corresponds to 10V that is loWer than a battery open 
voltage), and a “—” input terminal to Which the input voltage 
V2 for detecting the output voltage of the vehicle electric 
generator 1 is applied. The transistor 402 is turned on and olf 
depending on the output of the voltage comparator 401. The 
transistor 207 of the electric generation detection circuit 200 
has a priority to be turned olf When the transistor 402 is 
turned on. 

The overheat protection circuit 403 operates in a Way to 
temporarily loWer the reference voltage of the voltage 
comparator 103 of the regulated voltage control circuit 100 
to a value of V1' (such as for instance a voltage correspond 
ing to a regulated voltage level of 12V loWer than the battery 
voltage), upon Which the operation is interrupted to stop 
electric poWer generation. When this takes place, the over 
heat protection circuit 403 turns on the transistor 404 While 
turning olf the transistor 207 of the electric generation 
detection circuit 200 in priority. 
The sWitch element 22, the control signal setting circuit 

21 and the signal output circuit 24 correspond to a sWitch 
means, a control signal setting means and a signal outputting 
means, respectively. Moreover, the voltage comparator 103, 
the integrator circuit composed of the resistor 104 and the 
capacitor 105, the voltage comparator 107 and the regulated 
voltage control circuit 100 correspond to a ?rst comparator 
means, a ?rst smoothing means, a second comparator means 
and a regulated voltage control means, respectively. More 
over, the electric generation detection circuit 200, the pro 
tection and alarm circuit 400 and the instantaneous lighting 
protection circuit 300 correspond to a modulation means; the 
resistors 201, 202, the diode 203 and the capacitor 204 
correspond to a smoothing means; the resistors 205, 206, the 
transistor 207 and the modulation circuit 208 correspond to 
a sWitchover means; the voltage comparator 401 corre 
sponds to a third comparator means; and the overheat 
protection circuit 403 corresponds to an overheat protection 
means. Moreover, the signal input section 51 corresponds to 
a signal input means and the bias voltage V661 and the 
resistor 511 correspond to a biasing means. 
NoW, description is made of operation of the electric 

generation control apparatus 2 of the present embodiment. 
FIGS. 3 and 4 are vieWs illustrating signal Waveforms that 
are inputted to or outputted from various parts of the electric 
generation control apparatus 2. 

(Operations Prior to Startup of Engine) 
First, in startup of the engine, the electric generation 

control apparatus 2 is rendered operative to cause a poWer 
supply circuit, internally mounted, to enter an operative 
condition When a key sWitch 6 is actuated. During non 
rotation of the engine, the transistor 207 of the electric 
generation detection circuit 200 is turned olf (see FIG. 3(a)). 
Therefore, the modulation circuit 208 operates such that the 
frequency of the ramp-Wave voltage is set to a loWer 
frequency fL (of, for instance, 50 HZ) (FIG. 3(b)). 
The voltage comparator 103 of the regulated voltage 

control circuit 100 provides an output With a loW level When 
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the input voltage V2 is less than the reference voltage V1. 
Accordingly, an electric charge, stored in the capacitor 105, 
is discharged through the resistor 104. This alloWs the output 
voltage V3, appearing at one terminal of the capacitor 105, 
to lie at a minimum voltage V3(MIN) (FIG. 3(b)). 

The voltage comparator 107 outputs a signal With a 
maximal duty ratio (of, for instance, 99%) in high level 
depending a comparison result (FIG. 3(b)) betWeen the input 
voltage V3 and the ramp-Wave voltage V4 (at a frequency of 
50 HZ) (FIG. 3(d)). The output signal of the voltage com 
parator 107 is inputted to the sWitch element 22. This alloWs 
the sWitch element 22 to be driven With the maximal duty (of 
99%), causing excitation current to be supplied to the 
excitation Winding 11. 

(Operation after Startup of Engine) 
Next, as the engine rotates, the armature Winding 12 of the 

vehicle electric generator 1 generates a phase voltage. Then, 
the phase voltage V5, resulting from division by the resistors 
201, 202 of the electric generation detection circuit 200, is 
peak held by the diode 203 and the capacitor 204, upon 
Which the peak voltage V6 is obtained. 

Then, if the voltage V6 (corresponding to the voltage P 
exceeding, for instance, a value of 6V) higher than a 
detection threshold value determined by a voltage betWeen 
the base and emitter of the transistor 207 and the resistors 
205, 206, the transistor 207 is turned on (FIG. 4(a)). This 
causes the modulation circuit 208 to sWitch over a frequency 
of the ramp-Wave voltage V4 to a higher value of f H (of, for 
instance, 200 HZ) (FIG. 4(b)). When this takes place, the 
voltage V3, appearing at one terminal of the capacitor 105, 
still remains in a minimum level (of V3( MIM) and the voltage 
comparator 107 outputs a signal With a maximal duty ratio 
of high level (FIG. 4(d)). 

If the generated voltage further increases and the input 
voltage V2, for detecting the output voltage of the vehicle 
electric generator 1, reaches the reference voltage V1 (a 
voltage corresponding to a regulated voltage of 14.5V), 
then, the output of the voltage comparator 103 varies to a 
high level. 

Thereafter, the output of the voltage comparator 103 
varies from the high level to the loW level or from the loW 
level to the high level depending on the generated voltage. 
Accordingly, such an output is processed by the integrator 
circuit, composed of the resistor 104 and the capacitor 105, 
to provide the voltage V3, Which in turn varies in a range 
betWeen the minimum and maximal levels (FIG. 4(b)). The 
voltage comparator 107 outputs a signal, With a high level 
ratio varying in a range betWeen the minimum and maximal 
levels (FIG. 4(c) and FIG. 4(d)), depending on a comparison 
result betWeen the voltage V3 being inputted and the ramp 
Wave voltage V4 (of 200 HZ). For instance, the voltage 
comparator 107 outputs the signal With a high level in a duty 
ratio ranging from 1% to 99%. This output signal increments 
or decrements a duty ratio of the sWitch element 22 being 
turned on, depending on an output current of the vehicle 
electric generator 1 to be supplied to the outside, by Which 
the output voltage of the vehicle electric generator 1 is 
regulated to a given voltage. 

In such a Way, upon controlling the sWitch element 22, by 
Which the excitation current is controlled, depending on the 
duty ratio and sWitching frequency, the signal output section 
24 generates an output signal at the signal output terminal 
FL as a signal (modulation signal) involving information on 
a plurality of independent electric generation statuses (such 
as, for instance, an electric generation-rate status and an 
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electric poWer detection status (indicative of a result of 
detecting Whether or not the operation begins to generate 
electric poWer). 

(Operation 1 in Protection and Alarm Function and 
Example of LoW Voltage Alarm Function) 

If the input voltage V2 is less than the reference voltage 
V8 (corresponding to a voltage of, for instance, 10V at the 
terminal B), the voltage comparator 401 of the protection 
and alarm circuit 400 outputs a signal With high level. Then, 
the transistor 402 is turned on and the transistor 207 of the 
electric generation detection circuit 200 is turned off. 

This alloWs the frequency of the ramp-Wave voltage V4 to 
be sWitched over from the high frequency fH (of 200 HZ) to 
the loW frequency fL (of 50 HZ) (FIG. 4(b)Q+FIG. 3(b)). 
When this takes place, selecting the frequency fL alloWs the 
charge alarm lamp to be shifted to a turned-on status. Also, 
the excitation current is controlled in the maximal duty ratio 
(of 99%) depending on the output signal from the voltage 
comparator 107 of the regulated voltage control circuit 100 
(FIG. 3(d)). 

(Operation 2 in Protector and Alarm Function and 
Example of Overheat Protection and Alarm Function) 

If the temperatures of control IC chips, forming the 
electric generation control apparatus 2, exceed a given 
temperature T1, the overheat protection circuit 403 of the 
protection and alarm circuit 400 outputs a signal With a high 
level to the transistor 404. Then, the transistor 404 is turned 
on and the transistor 207 of the electric generation control 
apparatus 200 is turned off. 

During such an operation, a frequency of the ramp-Wave 
voltage V4 is sWitched over from a high frequency fH (of 
200 HZ) to a loW frequency fL (of 50 HZ) (FIG. 4(b)QFIG. 
3(b)). When this takes place, selecting the frequency fL 
alloWs the charge alarm lamp to be shifted to a turned-on 
state. Additionally, the “—” input terminal of the voltage 
comparator 103 of the regulated voltage control circuit 100 
is applied With an altered voltage V1' (corresponding to a 
regulated voltage of, for instance, 12V (loWer than a battery 
voltage)), causing the voltage comparator 103 to output a 
signal With a high level. 
The capacitor 105 is charged via the resistor 104 and the 

voltage V3, appearing at one end of the capacitor 105, 
reaches a maximum voltage V3 ( MAX) (FIG. 3(b)). Depending 
on a comparison result betWeen the maximum voltage 
V3 and the ramp-Wave voltage V4 (of 50 HZ), the voltage 
comparator 107 outputs a signal With a minimum duty cycle 
(With a ratio of, for instance, 1% in high level) (FIG. 3(c)). 
Due to the output signal delivered from the voltage 

comparator 107, the excitation current is controlled in a 
minimum duty ratio (of 1%). This results in suppression of 
an increase in the temperatures of the vehicle electric 
generator 1 and the poWer generation control circuit 2. Then, 
if the temperatures of the associated devices decrease and 
become less than a given temperature T1 loWer than a 
hysteresis temperature AT, electric generation is restarted. 
When this takes place, the frequency may be selected to lie 
at fH to shift the charge alarm lamp to a tumed-olf state or 
the frequency fL may remain intact to continue a turned-on 
state of the charge alarm lamp until the key sWitch 6 is 
turned off. 

In such a Way, controlling the sWitch element 22, by 
Which the excitation current is controlled, With the associ 
ated duty cycle and sWitching frequency alloWs the terminal 
FL of the signal output section 24 to output a signal 
(modulation signal) involving a plurality of electric genera 
tion statuses (such as, for instance, an electric generation 
rate and an alarm light signal). 
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FIG. 5 is a ?owchart showing a basic detailed sequence of 
operations of the frequency discrimination circuit 52 of the 
external device 5. Hereunder, operations of various steps, 
shoWn in FIG. 5, are described. 

First, the frequency discrimination circuit 52 makes dis 
crimination as to Whether the key sWitch is turned on or 
turned off (step S1). As a result, if the key sWitch is turned 
off (With “NO”), control of the charge alarm lamp is stopped 
(step S2). On the contrary, if the key sWitch is turned on 
(With “YES”), the signal VIN, applied to the terminal IN of 
the signal input section 51, is taken in via the buffer circuit 
512 (step S3). 

Next, an n-value, corresponding to the number of pulses 
to be counted, is set to “0” (step S4), upon Which the 
operation is executed to count the number of pulses of the 
signal applied in step S3 such that the number of count 
pulses is accumulated (step S5). The operation is executed to 
count the number of pulses during a given time T1 (T<T1) 
by making comparison betWeen time T, elapsed from a 
timing at Which the operation is commenced, and the given 
time T1 (step S6). Then, if the elapse time exceeds the given 
time T1 (T>T1), the operation is executed to calculate the 
frequency f of the signal, inputted in step S3, based on an 
equation fIZn/ T1 depending on an accumulated value Zn of 
the number of pulses counted during the time T1 (step S7). 

Subsequently, comparison is made betWeen the frequency 
f, calculated in step S7, and a given frequency f A (step S8). 
As a result, if f<fA, a signal With a high level is outputted to 
the charge alarm lamp controller, by Which the charge alarm 
lamp is controllably turned on (step S9). In contrast, if f>fA, 
a signal With a loW level is outputted to the charge alarm 
lamp controller, by Which the charge alarm lamp is control 
lably turned off (step S10). 
NoW, a detailed operation of the frequency discriminator 

circuit 52 is described. 

First, With the frequency discriminator circuit 52, if the 
vehicle electric generator 1 remains halted due to a halt of 
the engine When the key sWitch 6 is turned on, the sWitch 
element 22 of the electric generation control apparatus 2 is 
sWitched on and off at a loW frequency of f L (of, for instance, 
50 HZ) and the signal VIN, appearing at the loW frequency of 
fL, is applied to the terminal IN (steps S1 to S3). 

Then, the operation is executed to count the number of 
pulses of the signal VIN at the loW frequency of f L (of 50 HZ) 
for the given time T1 (steps S4 to S6). For instance, under 
a condition With T1:l00 ms, the accumulated value Zn of 
the number of count pulses lies at a value of 5. 

Subsequently, the frequency f is counted based on T1 and 
Zn (step S7). Under such conditions set forth above, the 
presence of T1:l00 ms and ZnIS results in a formula f:5 
pulses/100 ms:50 HZ. 

Consecutively, discrimination is made to ?nd a difference 
betWeen the calculated frequency f and the given frequency 
f A (step S8). This results in a relationship f<fA under a 
condition Where, for instance, f [1:100 HZ. As a result, a 
control signal is generated to turn on the charge alarm lamp 
(step S9). Next, as the engine starts up and electric poWer 
generation is commenced, the sWitch element 22 of the 
electric generation control apparatus 2 is sWitched on and off 
at the high frequency fH (of, for instance, 200 HZ) and the 
signal VIN, appearing at the high frequency fH, is applied to 
the terminal IN (steps S1 to S3). 

Subsequently, if discrimination is made for the signal VIN 
at the high frequency f H (of 200 HZ) under such a condition 
mentioned above, the number of pulses is detected as Zn:20 
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pulses for T1 (I100 ms). Therefore, the frequency f of the 
signal VINis expressed as f:20 pulses/100 ms:200 HZ (steps 
S4 to S7). 

Consecutively, discrimination is made to ?nd a difference 
betWeen the frequency f and the given frequency f A (of 100 
HZ) (step S8). As a result, the relationship f>fA holds under 
the condition set forth above. This alloWs a control signal to 
be outputted for turning off the charge alarm lamp (step 
S10). 

Also, While the exemplary operations have been set forth 
above in respect of the charge alarm lamp controlled 
depending on the halt and startup of the engine, the charge 
alarm lamp may be controlled using the protection and alarm 
function of the electric generation control apparatus 2. The 
frequency of the input voltage is sWitched over from the high 
frequency fH to the loW frequency fL, causing the control 
signal to be outputted so as to turn on the charge alarm lamp 
to provide a driver With an alarm of an abnormal condition. 
By the Way, under circumstances Where a failure takes 

place to cause short-circuiting betWeen the signal line 4 and 
ground, the electric generation control apparatus 2 alloWs 
the diode 241 to interrupt an uncontrollable excitation 
current, thereby preventing an abnormal increase in output 
voltage of the vehicle electric generator 1. 

Further, during a halt of the engine, the operation is 
executed to interrupt an electric current ?oWing through the 
excitation Winding 11 that Would cause Wasteful poWer 
consumption of the battery 3, enabling the battery 3 from 
over-discharging. Upon operation of the frequency discrimi 
nator circuit 52 to discriminate that the input frequency lies 
at 0 HZ, the external device 5 outputs a signal With a high 
level for controllably turning on the charge alarm lamp. 

Further, if the signal line 4 is erroneously connected to a 
battery potential, the electric generation control apparatus 2 
limits an electric current ?oWing from the terminal FL of the 
signal output section 24 via the resistor 242, enabling the 
sWitch element 22 from being damaged due to a short 
circuited current. Upon operation of the frequency discrimi 
nator circuit 52 to discriminate that the input frequency lies 
at 0 HZ, the external device 5 outputs the signal With the high 
level for controllably turning on the charge alarm lamp. 

Furthermore, under situations Where the signal line 4 
results in an open-failure, the electric generation control 
apparatus 2 performs control to normally generate electric 
poWer. With the external device 5, the terminal VIN is 
applied With a biased voltage Vccl resulting from the resistor 
511. Then, the frequency discriminator circuit 52 discrimi 
nates that the input frequency lies at 0 HZ, outputting a signal 
With a high level for controllably turning on the charge alarm 
lamp. 

Thus, the electric generation control apparatus 2 of the 
present embodiment can output a signal, including a duty 
ratio component, related to a ?rst electric generation status, 
and a sWitching frequency component related to a second 
electric generation status, by using the duty ratio and the 
sWitching frequency of the sWitch element 22 for controlling 
the current ?oWing through the excitation Winding 11. 
Therefore, a single output driver (that doubles as the sWitch 
element 22) can output a plurality of electric generation 
statuses, enabling a simpli?cation of the signal line accom 
panied by reduction in costs While preventing the occurrence 
of a loss or lapse of information. 

Moreover, the duty ratio component is generated depend 
ing on the output voltage of the vehicle electric generator 1 
under a status With the excitation Winding 11 being con 
ducted, enabling electric generation-rate information to be 
generated as the ?rst electric generation status. In addition, 
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the switching frequency can be altered With no adverse affect 
on the duty ratio of the sWitch element 22. That is, electric 
generation-rate information, outputted from the signal out 
put terminal (terminal FL) is generated With no adverse 
affect Without adversely affecting the output of the vehicle 
electric generator 1. 

Besides, the frequency of the ramp-Wave voltage is 
sWitched over When the voltage, resulting from smoothing 
the voltage generated by the armature Winding 12, exceeds 
a given value, enabling the operation to be executed to 
simultaneously output electric generation-rate information 
of the vehicle electric generator 1 and, in addition thereto, 
alarm information as a second electric generation status, 
When the vehicle electric generator 1 begins to generate 
electric poWer, under a situation Where the sWitching fre 
quency is sWitch over depending on Whether or not the 
electric generation is commenced. 

Additionally, the protection and alarm circuit 400 
includes the voltage comparator 401 for making comparison 
betWeen the output voltage of the electric generator 1 and a 
given value loWer than a predetermined battery open volt 
age. Depending on a result of comparison made by the 
voltage comparator 401, the frequency of the ramp-Wave 
voltage is altered, enabling the operation to be executed to 
simultaneously output electric generation-rate information 
of the vehicle electric generator 1 and, in addition thereto, 
alarm information as a second electric generation status, 
When a voltage drop occurs in the vehicle electric generator 
1, under a situation Where the sWitching frequency is sWitch 
over in response to a drop in output voltage of the vehicle 
electric generator 1. 

Further, the protection and alarm circuit 400 is comprised 
of the overheat protection circuit 403 operative such that 
When the temperature exceeds a given level, the reference 
voltage V1, to be used in the voltage comparator 103, is 
altered to a reference voltage V1‘ loWer than the battery open 
voltage While altering the frequency of the ramp-Wave 
voltage. 

This makes it able for the reference voltage to be set to a 
loWer level than the battery open voltage When the tempera 
ture of the electric generator 1 exceeds the given level, 
minimizing the duty ratio of the sWitch element 22 to limit 
an electric current in poWer generation for suppressing the 
development of heat Whereby the electric generation control 
apparatus 2 can be prevented from overheating. Also, the 
operation can be executed to concurrently output electric 
generation-rate information as the ?rst electric generation 
status and, additionally, output alarm information as the 
second electric generation status upon shifting the sWitching 
frequency in response to abnormal overheating of the elec 
tric generator 1. 

Furthermore, the signal output section 24 includes the 
diode 241 and the resistor 242 by Which current ?oWing 
through the signal line 4 is limited. Thus, the signal output 
section 24 limits the current, ?oWing through a path from the 
junction point betWeen the excitation Winding 11 and the 
sWitch element 22 to the signal line 4 or the current ?oWing 
from the signal line 4 to the junction point. This prevents the 
occurrences of an abnormal increase in a generated output 
voltage during rotation of the engine, over-discharging of 
the battery 3 during a halt of the engine and damages of the 
sWitch element 22 and the current limiting element (diode) 
due to shor‘t-circuited current caused by the battery 3 under 
circumstances Where a failure occurs in short-circuiting With 
ground of the signal line 4 or When erroneous connection is 
made to a battery potential. 
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Moreover, the electric generation control apparatus 2 is 

con?gured to control the duty ratio of the sWitch element 22, 
by Which the excitation current is controlled, While trans 
mitting a signal (modulation signal) resulting from modu 
lating the sWitching frequency to the external device 5 that 
performs signal processing of the modulation signal for 
respective components in parallel to each other. This enables 
the operation to be executed to concurrently detect a plu 
rality of electric generation statuses independently from the 
signal line 4 of one signal path betWeen Which the electric 
generation control apparatus 2 and the external device 5 are 
connected. 

Also, the external device 5 is con?gured to discriminate 
the input frequency based on a threshold value of a given 
frequency, providing an ease of demodulating the modulated 
signal allocated to different frequencies While enabling the 
detection of the second electric generation status. 

Additionally, the external device 5 detects the frequency 
component of the modulation signal by counting the number 
of pulses of the modulation signal for a given time interval. 
This alloWs the input frequency to be counted using the 
number of pulses of the modulation signal for the given time 
interval. Therefore, the magnitude of the frequency can be 
discriminated using a counter operating under a simple 
program, enabling the detection of the second electric gen 
eration status. 

Further, in an event that the frequency of the modulation 
signal is less than the given frequency, the external device 5 
outputs a signal for turning on the charge alarm lamp. In 
contrast, if the frequency of the modulation signal is higher 
than the given frequency, the external device 5 outputs a 
signal for turning off the charge alarm lamp. Thus, the 
charge alarm lamp can be controllably turned on or turned 
off depending on Whether the frequency of the modulation 
signal is higher or loWer than the given frequency. There 
fore, a signal With a small current delivered from the electric 
generation control apparatus 2 enables the external device 5 
to control the charge alarm lamp With a large current 
capacity. 

Furthermore, the external device 5 outputs a signal, 
related to the electric generation-rate of the vehicle electric 
generator 1, to an engine controller. Thus, the duty ratio of 
the modulation signal corresponds to the electric generation 
rate of the vehicle electric generator 1. Therefore, the engine 
speed can be controlled depending on the magnitude of the 
duty ratio of the modulation signal, enabling the stabiliZa 
tion of an idling speed of the engine. 

Moreover, the signal input section 51 of the external 
device 5 includes the resistor 511 that plays a role as a 
biasing means from Which a bias voltage is applied to the 
junction point betWeen the sWitch element 22 and the 
excitation Winding 11 and by Which the signal input terminal 
IN is biased to a bias voltage in the absence of the modu 
lation signal. 

With such a con?guration, the sWitch element 22 can 
input the modulation signal to the external device 5 in an 
increased matching. Also, under circumstances Where dis 
connection occurs in the signal line 4, the signal input 
terminal IN is biased to a given voltage. Thus, the absence 
of the modulation signal can be easily discriminated and the 
charge alarm lamp is turned on While the external device 5 
can perform a control, such as engine control under a 
defaulted condition, in correspondence to the disconnection 
of the signal line 4. 
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Second Embodiment 

The second embodiment differs in structure from the ?rst 
embodiment in that the electric generation detection circuit 
200 of the electric generation control apparatus 2 is replaced 
by an electric generation detection circuit 200A and the 
external device 5 is replaced by an external device 5A. 
Hereunder, description is made of the second embodiment 
With a focus on these differing points. 

FIG. 6 is a vieW shoWing a structure of the electric 
generation detection circuit 200A of the present invention. 
The electric generation detection circuit 200A, shoWn in 
FIG. 6, includes a modulation circuit 208A. The modulation 
circuit 208A is directly connected to a terminal P, to Which 
a voltage P (rectangular-Wave signal) corresponding to a 
rotational speed of the vehicle electric generator 1 is input 
ted, and performs modulation processing that consecutively 
varies a frequency of a ramp-Wave voltage depending on the 
rectangular-Wave signal P. The second embodiment differs 
Widely in such a point from the modulation circuit 208 of the 
?rst embodiment Wherein modulation processing is 
executed to sWitch over the frequency of the ramp-Wave 
voltage in tWo high and loW stages. 

FIG. 7 is a vieW shoWing a structure of the external device 
5A of the present invention. The external device 5A, shoWn 
in FIG. 7, differs from the external device 5 shoWn in FIG. 
1 in that the frequency discriminator circuit 52 is replaced by 
a frequency discriminator circuit 52A and an electric gen 
erator characteristic calculation circuit 54 is additionally 
provided. 

The frequency discriminator circuit 52A calculates the 
rotational speed of the vehicle electric generator 1 depend 
ing on a frequency of a signal being inputted from the signal 
input section 51. 

The electric generator characteristic calculation circuit 54 
includes an electric output current calculator 541, Which 
calculates an electric output current depending on various 
output values of the frequency discriminator circuit 52A and 
the duty ratio detection circuit 53, to transmit calculation 
results to an electrical load controller (not shoWn), and an 
electric generation torque calculator 542 that executes 
operations to calculate electric generation torque for trans 
mitting calculation results to an engine controller (not 
shoWn). 

With the electric generation control apparatus 2A, a 
rectangular-Wave signal P With a frequency of 200 HZ 
appears at the terminal P of the vehicle electric generator 1 
supposing that the vehicle electric generator 1 is rotatably 
driven at a speed of 2000 rpm (at a rotational speed 
corresponding to idling rotation of an engine). 

With the modulation voltage control circuit 100, a fre 
quency of the ramp-Wave voltage, generated by the ramp 
Wave voltage generator 106, is modulated at a frequency of 
200 HZ. Then, the modulation voltage control circuit 100 
controls the duty ratio of the sWitch element 22 depending 
on an output current of the vehicle electric generator 1 to be 
supplied to the outside. 

Here, as the engine speed decreases With the resultant 
drop in the rotational speed of the vehicle electric generator 
1, a drop occurs in the rectangular-Wave signal P appearing 
at the terminal P. Then, the duty ratio of the sWitch element 
22 of the vehicle electric generator 1 increases, tending to 
maintain a modulation voltage at a ?xed level. When this 
takes place, a torque of the vehicle electric generator 1 
increases, With the resultant increase in engine loads. 

With respect to such an operating characteristic of the 
vehicle electric generator 1, the electric generation control 
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apparatus 2A concurrently outputs rotational speed informa 
tion and electric generation-rate information of the vehicle 
electric generator 1 as modulation signals, making it pos 
sible to transmit an electric poWer-generating characteristic 
in terms of the rotational speed on a real time basis. 
Upon receipt of the modulation signal delivered from the 

electric generation control apparatus 2A, the external device 
5A causes the frequency detection circuit 52A and the duty 
ratio detection circuit 53 to execute parallel processing of 
the rotational speed and the electric generation-rate of the 
vehicle electric generator 1 for demodulation of respective 
information. 

Then, the electric output current calculator 541 and the 
electric generation torque calculator 542 calculate charac 
teristic values of the electric output current and electric 
generation torque, respectively, based on the electric gen 
eration-rate, output current characteristic and electric gen 
eration torque characteristic in terms of the rotational speed 
of the vehicle electric generator 1. 

Thus, the engine controller can stabiliZe the engine speed 
With high precision depending on the calculated electric 
generating torque. Further, the electrical load controller can 
appropriately control electric poWer consumption caused by 
charging a battery and electrical loads While grasping an 
electric poWer generation capacity of the vehicle electric 
generator 1. For instance, the operation is executed to 
perform control such as operation to temporarily limit the 
use of the electrical loads for charging a battery in priority. 

Thus, the electric generation control apparatus 2A of the 
present embodiment generates electric generation-rate infor 
mation of the vehicle electric generator 1 and, in addition 
thereto, a sWitching frequency component associated With 
the rotational speed of the vehicle electric generator 1. 
Therefore, rotational speed information of the vehicle elec 
tric generator 1 can be outputted as a second electric 
generation status. 

Further, the external device 5A is operative to concur 
rently obtain characteristics under Which a duty ratio com 
ponent of the modulation signal is associated With the 
electric generation-rate of the vehicle electric generator 1 
and a frequency component of the modulation signal is 
associated With the rotational speed of the vehicle electric 
generator 1. Therefore, a supply current and electric gen 
eration torque of the vehicle electric generator 1 can be 
detected in high precision. Moreover, the electrical load 
controller can appropriately control electric poWer con 
sumption resulting from the charging of the battery and 
electrical loads While grasping an electric poWer generation 
capacity of the vehicle electric generator 1. Also, the engine 
controller is operative to stabiliZe the engine speed in terms 
of the electric generation torque. 

(Modi?cations) 
Besides, the present invention is not limited to the 

embodiments set forth above and various modi?cations may 
be implemented Without departing from the scope of the 
present invention. 

For instance, the external device 5A, shoWn in FIG. 7, 
may be combined With the frequency discriminator circuit 
52 so as to enable control of lighting statuses of a charge 
alarm lamp. 

Further, When open failure or short-circuiting failure 
occurs in the sWitch element 22, no pulse of the modulation 
signal is outputted. Therefore, the external device 5 dis 
criminates the presence of a loW frequency to controllably 
turn on the charge alarm lamp, providing a driver With 
abnormal noti?cation. 
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Furthermore, When disconnection occurs in the excitation 
Winding 11, no voltage P appears at the terminal P and the 
sWitch element 22 is sWitched on and off at a loW frequency. 
Therefore, the external device 5 is operative to discriminate 
the loW frequency and controllably turn on the charge alarm 
lamp, providing the driver With abnormal noti?cation. 

Moreover, the diode 241 does not deliver the voltage, 
appearing at the terminal B, to the terminal FL. Therefore, 
no surge voltage, appearing at the terminal B, is transferred 
to the signal line 4 and the external devices 5, 5A, suppress 
ing the occurrence of defects resulting from noises. 

Also, While the ?rst embodiment has been described With 
reference to an example Wherein the frequencies are allo 
cated to tWo kinds of the loW frequency fL and high fre 
quency f H, an alternative may be implemented in a Way to 
allocate more than three kinds of frequencies to alloW the 
external device 5 to distinguish the more than three kinds of 
frequencies from each other. 

For the sake of completeness, it should be mentioned that 
the various embodiments explained so far are not de?nitive 
lists of possible embodiments. The expert Will appreciates 
that it is possible to combine the various construction details 
or to supplement or modify them by measures knoWn from 
the prior art Without departing from the basic inventive 
principle. 
What is claimed is: 
1. A vehicular generation control apparatus operative to 

control an electric generation status of a vehicle electric 
generator having an armature Winding, an excitation Wind 
ing and a recti?er connected to the armature Winding, 
comprising: 

a ?yWheel diode connected to the excitation Winding in 
parallel thereto; 

sWitch means connected to the excitation Winding to be 
turned on and off in response to a control signal being 
inputted; 

control signal setting means operative to control a duty 
ratio of the sWitch means depending on a ?rst electric 
generation status of the vehicle electric generator for 
controlling an electric current ?oWing through the 
excitation Winding While setting the control signal, to 
be applied to the sWitch element, so as to vary a 
sWitching frequency of the sWitch means depending on 
a second electric generation status; and 

signal outputting means connected to a junction point 
betWeen the excitation Winding and the sWitch means 
and operative to output a signal, involving a component 
of the duty ratio associated With the ?rst electric 
generation status and a component of the sWitching 
frequency associated With the second electric genera 
tion status, to an external device through a signal line. 

2. The vehicular generation control apparatus according 
to claim 1, Wherein: 

the control signal setting means comprises: 
?rst comparator means for making comparison betWeen 

an output voltage of the vehicle electric generator and 
a ?rst predetermined reference voltage; 

?rst smoothing means for smoothing an output of the ?rst 
comparator means With a ?rst time constant; 

second comparator means for making comparison 
betWeen a smoothed voltage outputted from the ?rst 
smoothing means and a ramp-Wave voltage, by Which 
the sWitching frequency is determined; and 

regulated voltage control means for determining the duty 
ratio depending on a comparison result of the second 
comparator means. 

20 
3. The vehicular generation control apparatus according 

to claim 2, Wherein: 
the control signal setting means further comprises modu 

lation means that varies a frequency of the ramp-Wave 
5 voltage. 

4. The vehicular generation control apparatus according 
to claim 3, Wherein: 

the modulation means determines the frequency of the 
ramp-Wave voltage depending on a signal, occurring on 
the armature Winding, Which is associated With a rota 
tional speed of the vehicle electric generator. 

5. The vehicular generation control apparatus according 
to claim 3, Wherein: 

the modulation means comprises: 
second smoothing means for smoothing a voltage, gen 

erated by the armature Winding, With a second time 
constant; and 

sWitchover means operative to sWitch over the frequency 
of the ramp-Wave voltage When a smoothed voltage, 
outputted from the second smoothing means, exceeds a 
given value. 

6. The vehicular generation control apparatus according 
to claim 3, Wherein: 

the modulation means comprises third comparator means 
operative to make comparison betWeen an output volt 
age of the vehicle electric generator and a predeter 
mined voltage previously set to be loWer than a battery 
open voltage for altering the frequency of the ramp 
Wave voltage depending on a comparison result of the 
third comparator means. 

7. The vehicular generation control apparatus according 
to claim 3, Wherein: 

the modulation means comprises overheat protector 
means operative to set the ?rst reference voltage, to be 
used in the ?rst comparator means, to a second refer 
ence voltage loWer than a battery open voltage When a 
temperature exceeds a given value While altering the 
frequency of the ramp-Wave voltage. 

8. The vehicular generation control apparatus according 
to claim 1, Wherein: 

the signal output means comprises current limiting means 
that limits an electric current betWeen the junction point 
and the signal line. 

9. A method of detecting an electric generation status of 
an electric generation system comprising: 

a vehicle electric generator driven by an engine and 
having an armature Winding, an excitation Winding and 
a recti?er connected to the armature Winding; 

a vehicular electric generation control apparatus including 
a ?yWheel diode connected to the excitation Winding in 
parallel thereto, sWitch means connected to the excita 
tion Winding, and signal output means connected to a 
junction point betWeen the excitation Winding and the 
sWitch means and operative to output a signal associ 
ated With an electric generation status of the vehicle 
electric generator; and 

an external device including signal input means operative 
to receive a signal outputted from the signal output 
means; 

the method comprising the steps of: 
causing the signal output means to output a modulation 

signal modulated using a duty ratio and a sWitching 
frequency of the sWitch means; 

causing the external device to detect a ?rst electric 
generation status based on a duty ratio component of 
the modulation signal; and 
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causing the external device to detect a second electric 
generation status based on a frequency component of 
the modulation signal. 

10. The method of detecting the electric generation status 
according to claim 9, Wherein: 

the step of detecting the second electric generation status 
includes steps of detecting the frequency component of 
the modulation signal, comparing the frequency com 
ponent of the detected modulation signal to a given 
frequency, and detecting the second electric generation 
status based on a comparison result. 

11. The method of detecting the electric generation status 
according to claim 10, Wherein: 

the step of detecting the frequency component of the 
modulation signal is executed by counting the number 
of pulses of the modulation signal Within a given time 
interval. 

12. The method of detecting the electric generation status 
according to claim 10, further comprising the step of: 

causing the external device to output a signal for turning 
on a charge alarm lamp When a frequency of the 
modulation signal is less than a given frequency and 
output a signal for turning off the charge alarm lamp 
When the frequency of the modulation signal exceeds 
the given frequency. 

13. The method of detecting the electric generation status 
according to claim 9, further comprising the step of: 

causing the external device to output a signal, associated 
With an electric generation-rate of the vehicle electric 
generator, to an engine controller. 

14. The method of detecting the electric generation status 
according to claim 9, further comprising the step of: 

causing the external device to output signals, associated 
With an electric generation-rate of the vehicle electric 
generator corresponding to the ?rst electric generation 
status and the rotational speed of vehicle electric gen 
erator corresponding to the second electric generation 
status, to at least one of an electrical load controller, by 
Which electrical load is controlled depending on a 
supply current of the vehicle electric generator, and an 
engine controller that controls an engine speed depend 
ing on an electric generation torque of the vehicle 
electric generator. 

15. The method of detecting the electric generation status 
according to claim 12, further comprising the step of: 
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causing the signal input means to apply a bias voltage to 

the junction point betWeen the sWitch means and the 
excitation Winding While biasing a signal input terminal 
to a given voltage in the absence of the modulation 
signal. 

16. An electric generation system comprising: 
a vehicle electric generator driven by an engine and 

having an armature Winding, an excitation Winding and 
a recti?er connected to the armature Winding; 

a vehicular electric generation control apparatus operative 
to control an electric generation status of the vehicle 
electric generator; and 

an external device connected to the vehicular electric 
generation control apparatus; Wherein: 

the vehicular electric generation control apparatus com 
prises: 

sWitch means connected to the excitation Winding and 
operative to be turned on and off in response to a 
control signal being applied; 

control signal setting means operative to control a duty 
ratio of the sWitch means depending on a ?rst electric 
generation status of the vehicle electric generator for 
controlling an electric current ?oWing through the 
excitation Winding While setting the control signal so as 
to vary a sWitching frequency of the sWitch means 
depending on a second electric generation status; and 

signal outputting means connected to a junction point 
betWeen the excitation Winding and the sWitch means 
and operative to output a signal, involving a component 
of the duty ratio associated With the ?rst electric 
generation status and a component of the sWitching 
frequency associated With the second electric genera 
tion status, to the external device through a signal line; 
and 

Wherein the external device comprises: 
?rst detection means for detecting a ?rst electric genera 

tion status based on the duty ratio component of the 
signal; and 

second detection means for detecting a second electric 
generation status based on the frequency component of 
the signal. 


